Introduction {#sec1-1}
============

Central nervous system (CNS) disease caused by *Mycobacterium tuberculosis* is an uncommon, yet undoubtedly a devastating manifestation of tuberculosis. CNS tuberculosis accounts for only 10% of all cases of tuberculosis, carries a high mortality and a distressing level of neurological morbidity. There is clearly a preponderance of the disease type in children and human immunodeficiency virus (HIV)-infected individuals. The burden of CNS tuberculosis lies largely in resource-starved regions of the world although there has been recent resurgence of the disease itself in both the developing and the developed world. However, the challenge to adequately diagnose and deal with its morbidity has yet to be substantially met. It would not be out of place to remind ourselves that fundamental questions regarding the pathogenesis, diagnosis, treatment, and management of CNS tuberculosis remain unanswered. The best and most rapid method of diagnosis, optimal treatment drugs and duration of therapy are questions which have yet to be adequately addressed.

There is another problem. While the necessity of an appropriate animal model has been long recognized, no animal model truly mimics the human infection. Rich and McCordock\'s original experimental model\[[@ref1]\] involved rabbits and guinea pigs, and while a number of animal models have been studied, the rabbit model still remains the best available experimental model to study this disease.

Pathogenesis {#sec1-2}
============

Most tuberculous infections are caused by *M. tuberculosis*. The bacilli reach the CNS by the hematogenous route secondary to disease elsewhere in the body. The original description by Rich\[[@ref1]\] suggested a two-stage development of CNS tuberculosis-first tuberculous lesions (Rich\'s focus) develop in the brain during the stage of bacteremia or shortly afterward and later the rupture or growth of one or more of these lesions produces development of CNS tuberculosis. The initial Rich focus may occur in the meninges, the subpial or subependymal surface of the brain, and may indeed remain dormant for many years. The specific stimulus needed for rupture or growth of these lesions is still not completely understood although the mechanism is known to be immunological in nature.\[[@ref2]\]

The type of lesions that result from discharge of the bacilli into the cerebrospinal fluid (CSF) depends on the virulence of the bacteria and the immune resistance of the host. Rarely, direct spread may occur to the meninges from the middle ear or the calvarial bone. A study of immunological parameters showed a relation between the development of tuberculous meningitis (TBM) in children and significantly lower count of CD4 T-lymphocytes when compared with children who had pulmonary complex only.\[[@ref3]\] The brain lesion also originates from hematogenous spread from the lungs, and when there is a sizeable inoculation with inadequate cell-mediated immunity, the parenchymal lesion may develop into a tuberculoma or a tuberculous abscess. A recent study from Vietnam has speculated on the relationship between bacterial and host genotype as being responsible for genesis of extrapulmonary versus pulmonary disease.\[[@ref4]\]

In TBM, a thick gelatinous exudate develops around the basal cisterns, the sylvian fissure and the brainstem. As this may cause obstruction to the outflow from the fourth ventricle or indeed from the cerebral aqueduct, hydrocephalus frequently develops in these children, and this further exacerbates the clinical condition by raising the intracranial pressure (ICP). The brain itself shows edema, perivascular infiltration with lymphocytes and mononuclear cells, and a microglial reaction. Indeed, a vasculitic-like syndrome may result, where inflammatory changes may be seen in the vessel wall, and the lumen of these vessels may be narrowed or even occluded by formation of the thrombi, and this may result in small areas of infarction. In the majority of patients, the location of the infarctions is in the distribution of the medial striate and thalamoperforating arteries. Rarely, hemorrhagic transformation of these infarcts may occur. The different types of CNS tuberculosis have been summed up in [Table 1](#T1){ref-type="table"}.\[[@ref5]\]

###### 

Classification of CNS tuberculosis\[[@ref5],[@ref13]\]
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It may not be out of place to point out that the ventriculomegaly that occurs in these patients is not always due to obstructive hydrocephalus, and hence associated with high ICP, but may be due to brain "softening"\[[@ref6]\] as reported by the author earlier, and in these cases the ICP is not raised.

Tuberculomas are firm, avascular, spherical masses, with size varying between 2 cm and 10 cm in diameter. They are well circumscribed, and the compressed surrounding brain tissue shows edema and gliosis. The inside of the masses contains necrotic areas of caseation in which tubercle bacilli may be found. Tuberculous brain abscess is a distinct condition. For the histopathological diagnosis of these lesions, microscopic evidence of pus in the cavity with microscopic changes in the abscess wall, together with presence of tubercle bacilli, is mandatory. Abscesses are generally larger and solitary and grow faster.

Clinical Features {#sec1-3}
=================

In most children with TBM, there is a prodromal phase of malaise and myalgia lasting for 2-8 weeks prior to the development of symptoms and signs of meningeal irritation. The headaches become worse and continuous and neck stiffness is present in about 25% of the patients. Infants become increasingly irritable and develop bulging fontanelles and increasing head circumferences. Nausea, vomiting and altered sensorium may follow in these children. Low-grade pyrexia or "night sweats" are reported in 80% of the patients. A prior history of tuberculous infection is present in 50% of children and in 10% of adults.\[[@ref7][@ref8]\] Cranial nerve palsies occur in 20-30% of patients with TBM. Affection of both optic nerves may cause blindness. Optochiasmatic arachnoiditis, hydrocephalus causing compression of the optic nerves, optic nerve granulomas and ethambutol toxicity may be the cause of blindness in patients with TBM.\[[@ref9][@ref10]\]

Any focal neurological deficit may occur in the limbs, ranging from monoplegia to quadriplegia. Abnormal movement disorders may occur-choreoform or hemiballistic movements, athetosis, tremors and myoclonic jerks have all been described. Patients with hydrocephalus or with severe cerebral edema as well those with significant vascular injury may present with depressed level of consciousness. Seizures may be the presenting feature of patients with tuberculomas or tuberculous abscesses. Lethargy and confusion leading to stupor may occur in the terminal stages of untreated disease.

Clinical manifestations of tuberculomas and tuberculous abscesses depend obviously on their location, most being located in the supratentorial compartment, and headaches, seizures, papilledema and focal deficits may all occur. The presentation of brain abscess is more subacute (1 week to 3 months after infection), but much slower than pyogenic brain abscesses. Tuberculomas may present months to years after infection.

Diagnosis {#sec1-4}
=========

CSF examination remains the mainstay of diagnosis of TBM. Usually, there is a lymphocytic reaction (60-400 per mm^3^), with raised protein levels (0.8-4 g/l). In the initial stages of the infection, the white cells seen in the CSF may be polymorphonuclear leukocytes, but soon these are replaced predominantly by lymphocytes. There is gradual decrease in the glucose level in the CSF, which is generally less than 50% of the serum levels, although it is never as low as in pyogenic meningitis.\[[@ref11][@ref12]\] Definitive diagnosis of TBM depends on detection of tuberculous bacilli in CSF either by smear examination or bacterial culture. It has been claimed that if large volumes of CSF can be obtained, repeated centrifugation detects bacteria in a high proportion of cases.\[[@ref13]\] Measuring the levels of antibodies to different antigens of *M. tuberculosis* has also been suggested as a diagnostic tool.\[[@ref14]\]

Radiological examination by Computerized Tomography (CT) Scans or Magnetic Resonance (MR) Imaging has limited value in the diagnosis of TBM. The following radiological signs have been described:\[[@ref15][@ref16]\] Enhancing exudates in the basal cisterns or sylvian fissure with or without presence of ventriculomegaly, infarcts in the basal ganglia, or gyral enhancement patterns. Contrast-enhanced MR scanning is superior to CT Scans in assessing meningeal and parenchymal abnormalities although it would not be out of place to mention that accessibility to this form of imaging is still limited in India and in much of the developing world. Moreover, children often require a general anesthetic to undergo MR scanning, whereas CT Scans may be possible with sedation. Kumar *et al*.\[[@ref15]\] have proposed that basal meningeal enhancement or tuberculoma or both were 89% sensitive and 100% specific for TBM. Several specific characteristics of the basal enhancement have been described by various authors.\[[@ref17]--[@ref19]\] Long-term sequelae may include areas of calcifications.

On CT Scans, tuberculomas appear as low- or high-density round or lobulated masses with irregular walls showing homogenous enhancement after contrast administration \[[Figure 1](#F1){ref-type="fig"}\]. They may be solitary or multiple \[[Figure 2](#F2){ref-type="fig"}\] and have a predilection to occur in the frontal and parietal lobes.\[[@ref20]\] The radiographic appearance of tuberculomas is thought to depend on whether the lesion is noncaseating, caseating with a solid center or caseating with a liquid center. The degree of perilesional edema has been described as being inversely proportional to duration of the lesion.\[[@ref21]\] The so-called "target sign"\[[@ref22]\] with a central nidus of calcification surrounded by a ring of enhancement was once thought to be diagnostic of a tuberculoma, but is now known to be quite non specific. Magnetic resonance spectroscopy has been suggested as a method to distinguish tuberculomas from cysticercosis. \[[@ref23]\] It must be emphasized at this stage that tuberculous brain abscesses cannot be distinguished reliably from pyogenic brain abscesses by radiological parameters, and hence have to be treated in a similar manner to the pyogenic abscesses.
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Treatment {#sec1-5}
=========

Medical therapy for CNS tuberculosis is with accepted practice norms and a discussion of details of this is outside the purview of this article. Suffice it is to note that isoniazid, rifampicin, pyrazinamide and ethambutol are recommended as a 4-drug regime to commence treatment. Second-line agents including aminoglycosides, capreomycin and fluoroquinolones may be added if there is a suspicion of multi-drug resistant (MDR) tuberculosis. There is still controversy regarding duration of therapy, with one school advocating 6-9 months therapy and another school advocating 18 months treatment.\[[@ref24][@ref25]\] The use of corticosteroids in CNS tuberculosis remains a controversial issue. A recent meta-analysis by Prasad\[[@ref26]\] found the use of steroids resulted in fewer deaths in children, but the sample sizes of most of the quoted studies were fairly small. Thwaites\[[@ref27]\] has reported on a large placebo-controlled trial of dexamethasone in TBM and noted a significant reduction in mortality though not in morbidity. However, all his patients were adults. Today most accept the use of dexamethasone as an adjunct in CNS tuberculosis. It has been postulated that dexamethasone reduces the deleterious effects of the immune response and also reduces the incidence of hydrocephalus and brain infarction.

What is the role of surgery in TBM? There are three causes of deterioration in patients with TBM-seizures, infarcts and hydrocephalus. If hydrocephalus is the cause of clinical deterioration, repeated lumbar punctures or external ventricular drainage has been recommended.\[[@ref6][@ref28][@ref29]\] All authors have advised caution, and indeed the Vellore series\[[@ref28][@ref29]\] clearly demonstrated that good results were only obtained if a) the clinical grades of the patients were good and 2) the CSF diversion procedure was done prior to clinical deterioration. More recently, endoscopic third ventriculostomy (ETV) was suggested as an option, but success with this condition has been variable\[[@ref30][@ref31]\] and the procedure itself is technically difficult in the acute stage of the disease. The floor of the third ventricle is thick and the subarachnoid space itself is completely filled with exudates, and anatomical landmarks are most often difficult to ascertain. There is no doubt that medical therapy should be tried prior to any form of surgical intervention; mannitol, frusemide, acetazolamide and of course dexamethasone should be used first. It has been reported that conservative management can avoid surgery in 70% of patients with post-tuberculous hydrocephalus.\[[@ref32]\]

We have proposed\[[@ref6]\] external ventricular drainage as the procedure of choice in combating hydrocephalus that does not respond to conservative measures, assessed both clinically and radiologically. This is because it is a quick, easy way to reduce ICP, permits ICP monitoring to assess whether clinical improvement correlates with reduction of ICP, and indeed establishes whether there is raised ICP in the children having significant ventriculomegaly. We are convinced that a group of children has ventriculomegaly secondary to \"brain softening\" possibly due to multiple small infarcts and children of this group (clinically poor grade in the Vellore studies) do not improve with ventricular drainage. Hence, it is easy to decide which children may benefit from a permanent CSF diversion procedure, be it ETV or ventriculoperitoneal shunt.

The complication rate of shunt surgery in these patients is much higher; poor general condition including malnutrition, as well as depressed levels of immunity have been cited as the two main causes of higher infection rate in these patients. Agarwal *et al*.\[[@ref33]\] quoted a shunt complication rate of as high as 30% although the numbers were small. We\[[@ref6]\] have reported a shunt infection rate of 15.6% in an earlier retrospective study.

As far as tuberculomas in children are concerned, Bhagwati\[[@ref34]\] reported on 31 children, of whom 5 needed surgical intervention-in four of them because they were thought to harbor brain tumors and in the fifth one because of significant mass effect in spite of treatment. The indications of surgery today are very small because adequate chemotherapy with anti-edema measures and dexamethasone can preclude development of acute mass effects in the majority of cases. Most lesions completely disappear with conservative treatment \[[Figure 3](#F3){ref-type="fig"}\]. Obviously, the two main indications remain the same-where there is diagnostic confusion from astrocytomas, even after MR spectroscopy and other tests, and where there are features of acute rise in intracranial tension in spite of medical treatment. Some authors have advocated subtotal removal in this situation to help diagnosis and reduction of ICP, rather than attempt any radical removal. The clinical manifestations of tuberculomas depend on their location-and this may be supratentorial, in the brainstem,\[[@ref35]\] elsewhere in the posterior fossa, or even in the sella.\[[@ref36]\] Multiple tuberculomas have even been described in the brain and spinal cord together.\[[@ref37]\] Cases of intraventricular tuberculomas presenting as ventricular tumors have been described, and in these situations removal is necessary.\[[@ref38]\]
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